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Abstract Leucorrhinia caudalis is a rare dragonfly,
threatened throughout Europe. It only survived in a single
population in Switzerland in the 1980s. However, it
recently spread and colonized new ponds. In order to be
able to study contemporary migration in this species, eight
new microsatellite markers were developed and tested on
24 individuals from six Swiss ponds. We detected three to
eleven alleles per polymorphic locus and found observed
and expected heterozygosities of 0.250 to 0.875 and 0.215
to 0.840, respectively.
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Leucorrhinia caudalis (Charpentier, 1840; Libellulidae) is
a rare dragonfly threatened throughout its whole European
distribution area, which ranges from France to southern
Scandinavia and to western Siberia. In Switzerland, the
species was once widespread, but persisted in only a single
population in 1980. However, colonisations of new ponds
were recorded in the 1990s and 2000s (Vonwil 2005).
Currently, there are six larger sites of L. caudalis in
Switzerland. In order to establish contemporary migration
among these Swiss populations by means of assignment
tests (Cornuet et al. 1999) and thereby testing whether
structural connectivity measures provide functional con-
nectivity (Holderegger and Wagner 2008), we developed
microsatellite markers for L. caudalis as no such markers
were available for this species so far.
The development of microsatellite markers was carried
out by ecogenics GmbH (Zurich, Switzerland). An enriched
library from size selected genomic DNA was established
from a larva of L. caudalis, ligated into SAULA/SAULB-
linker (Armour et al. 1994) and enriched by magnetic bead
selection with biotin labelled (GT)13, (CT)13, (AAC)10 and
(AAG)10 oligonucleotide repeats (Gautschi et al. 2000a, b).
From the 750 recombinant colonies screened, 64 positive
clones were sequenced, and primers were designed for 13
microsatellite inserts. After PCR optimization, five micro-
satellite regions could be amplified reliably. In a second step,
plasmids from another 50 positive clones were sequenced
and primers for another eight microsatellite inserts were
designed, of which three could be amplified reliably. Finally,
PCR amplifications were performed for eight microsatellite
regions.
These eight microsatellites were tested on 24 individuals.
A non-invasive sampling strategy was used, in order to not
affect the populations of the threatened L. caudalis. Geno-
mic DNA was isolated from exuviae (Watts et al. 2005).
Exuviae were collected at six ponds in Switzerland and
stored in 100% ethanol at room temperature in the dark.
Before DNA extraction, exuviae were placed in a sterile
bench in order to evaporate any ethanol. After drying and
removing the head part, exuviae were put into Eppendorf
tubes with steel beads and ground with a MM300 mixer mill
for 3 min (Retsch). Extraction was carried out using the
DNeasy Blood and Tissue Kit (Qiagen) following the
manufacturers instructions with the two following modifi-
cations. Proteinase K incubation was for 3 h and the elution
step was performed twice with 50 ll AE buffer. PCR was
carried out in 10 ll reaction volumes containing 5 ll
29 Multiplex Mix (Qiagen), 0.2 lM of each primer, 2 ng of
diluted genomic DNA and ddH2O. Amplifications were run
on a Veriti thermal cycler (Applied Biosystems), using the
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following PCR protocol (ramp 1.2C/s): 15 min of poly-
merase activation at 95C, followed by 35 cycles of dena-
turation for 30 s at 95C, 30 s at annealing temperature
(varying per primer pair, Table 1), 60 s extension at 72C
and a final elongation of 30 min at 72C. As non-invasive
sampling often encounters difficulties during PCR-amplifi-
cation (Taberlet and Luikart 1999), each DNA sample was
amplified twice. Fragments were analysed on an ABI 3130
sequencer (Applied Biosystems), and genotypes scored with
GENEMAPPER 3.7 (Applied Biosystems). One primer
(Leucau08) proved to be difficult to score, while the other
seven markers were easy to analyse.
FSTAT 2.9.3.2 (Goudet 1995) was used to determine the
number of alleles per locus, observed and expected heter-
ozygosity (Ho and He) and to test for linkage disequilib-
rium and Hardy–Weinberg equilibrium (Table 1). One
marker (Leucau09) was monomorphic across the small
sampling area of the present study, but this locus might
well be polymorphic when studying a larger area. Three to
eleven alleles were found per polymorphic locus. Observed
heterozygosity Ho ranged from 0.250 to 0.875, and He
varied between 0.215 and 0.840 per locus (Table 1). There
was no linkage disequilibrium among all pairs of loci (at
a = 0.05) and there was also no evidence for a deviation
from Hardy–Weinberg equilibrium at any locus (at
a = 0.05; Table 1).
The microsatellites presented here will serve as genetic
markers for an investigation of contemporary migration in
L. caudalis. They can also form the basis for further
investigations concerning the conservation management of
this endangered species.
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